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Abstract
Background  Direct-acting antivirals (DAAs) show high cure rates in treating chronic hepatitis C virus (HCV). However, 
the effect of DAAs on patients infected with genotype 2 (GT2) is difficult to determine despite the availability of 
several DAA regimens.

Methods  A systematic search of six databases (PubMed, Embase, Cochrane Library, Web of Science, CNKI, and 
Clinicaltrial.gov) was conducted through April 20, 2022. We considered the sustained virological response 12 weeks 
after treatment (SVR12) as the efficacy outcome, and adverse events (AEs) as the safety outcome. By calculating the 
mean SVR12 and the proportion of AEs among patients, we considered the intervention effect for each DAA regimen. 
The random effect model was then used in all meta-analyses. This systematic review and meta-analysis aimed to 
summarize the evidence on efficacy and safety of DAAs in patients infected with HCV GT2. The Bayesian Markov Chain 
Monte Carlo (MCMC) network metanalysis was used to indirectly compare regimen in GT2 patients.

Results  Among 31 articles included (2,968 participants), consisting of 1,387 treatment-naive patients and 354 
patients with cirrhosis. The overall pooled SVR12 rate was 94.62% (95% CI: 92.43-96.52%) among the participants who 
received all doses of treatment. Meta-analysis results of AEs revealed that fatigue was the most common AE (14.0%, 
95% CI: 6.4-21.6%), followed by headache (13.1%, 95% CI: 9.2-17.1%), whereas death and serious adverse events were 
uncommon.

Conclusions  We compared DAA-based treatments indirectly using meta-analysis and found the combination 
of Sofosbuvir plus Velpatasvir and Glecaprevir plus Pibrentasvir, each administered over a 12-week period, were 
identified as the most effective and relatively safe in managing chronic hepatitis C virus genotype 2 (HCV GT2) 
infection. Both treatments achieved a SVR12 of 100% (95% CI 99–100%).
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Background
Hepatitis C virus (HCV) is a blood-borne pathogen that 
could cause both chronic and acute hepatitis infection; 
around 50–80% of patients would develop a chronic 
inflammatory condition, which may lead to liver cir-
rhosis and hepatocellular carcinoma [1, 2]. Despite the 
implementation of universal precautions and blood safety 
measures, HCV infection continues to be a severe global 
public health burden [3]. The global estimated virae-
mic prevalence for hepatitis C virus infection was 0.7% 
(95% UI, 0.7–0.9), corresponding to 56.8  million (95% 
UI, 55.2–67.8) people infected with HCV in 2020 [4]. 
Besides, no prophylactic vaccine is available to prevent 
HCV infection, so the strategy to control HCV has to fol-
low the treatment-as-prevention principle [1].

Since the emergence of well-tolerated oral direct-acting 
antivirals (DAAs) in early 2014, several major guidelines 
have recommended DAAs as the first-line treatment for 
patients infected with HCV instead of pegylated inter-
feron (PEG-IFN) treatment, but therapy options vary 
according to factors such as HCV genotypes and patients’ 
status [5–7]. As a member of the Flaviviridae family, 
HCV is heterogeneous and can be classified into 7 geno-
types and 67 subtypes, with genotype 1 being the most 
prevalent in the Americas, Europe, Australia, New Zea-
land, Central Asia and East Asia [8, 9]. Hepatitis C virus 
genotype 2 (HCV GT2) is the third predominant geno-
type in Asia, Africa and America, whereas the preva-
lence rate varies by geographical distribution, ranging 
from 62.9% in West Sub-Saharan Africa to 0.8% in North 
Africa and Middle East [10].

Nevertheless, compared with genotype 1 and 3, the 
evidence base for DAA therapies in GT2 patients is less 
extensive. Although there has been clinical evidence 
to support the novel DAAs entering the market, the 

majority of trials are open-label, single-arm studies that 
lack placebo comparators and primarily focus on individ-
ual DAA regimens. The comparative efficacy of individ-
ual combination therapies remains largely undetermined, 
primarily due to the scarcity of head-to-head trials Thus 
far, no studies have compared the efficacy and safety of all 
DAAs regimens for treating patients infected with HCV 
GT2.

To fill these gaps, this systematic review and meta-
analysis focused on the studies about DAAs treatment for 
HCV GT2, to assess the comparative efficacy of DAAs 
regimens, and to identify the benefits and AEs associated 
with each DAAs intervention.

Methods
The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses Protocols guidelines (PRISMA-
P) were adhered to this meta-analysis and systematic 
review [11]. This systematic review was registered on 
the PROSPERO database for systematic reviews (CRD: 
42022344032).

Eligibility criteria
We predefined criteria for inclusion in accordance with 
PICOS principles [12]. Clinical studies which investigated 
DAAs regimens for treating patients infected with HCV 
GT2 were eligible for inclusion. The involved population 
must be adults with diagnosed HCV GT2 infection, who 
never had HIV/HCV co-infected or decompensated cir-
rhosis. The detailed eligibility criteria are listed in Table 1.

Search strategy
Six databases, including PubMed, Embase, Cochrane 
Library, Web of Science, CNKI, and Clinicaltrial.gov 
were searched for the relevant clinical trials. The last sys-
tematic search was performed on April 20, 2022. Search 
strategies were constructed on: (i) population: Chronic, 
Hepatitis C virus; (ii) Interventions: direct-acting antivi-
rals, DAAs; (iii) study design: clinical trial, including sin-
gle-arm studies (Supplementary Table S1).

Study selection
The process of selecting studies included two parts, 
through the literature software EndNote X9. Two review-
ers independently screened articles by title and abstract 
based on eligibility criteria after removing duplicate 
records. Then, two researchers kept reviewing the 
remaining literature by full text. Any disputes between 
the two independent reviewers were resolved through 
discussion with the senior author.

Data extraction
Two researchers extracted information from the included 
studies independently. A third researcher resolved 

Table 1  Eligibility criteria based on PICO
Characteristics Eligibility criteria
Population Aged over 18 years old with HCV GT2 infection.

Limitation on children/adult patients with HIV/
HCV co-infected or patients with decompen-
sated cirrhosis

Interventions The intervention group included at least one 
DAA, either as monotherapy or in combination 
with other treatments.

Comparators Not applicable
Outcome measures Primary outcome measures:

Sustained virological response 12 weeks after 
completion of treatment, SVR12
Secondary outcome measures:
All adverse events associated with DAAs 
treatment
(Including non-severe adverse events and seri-
ous adverse events)

Study type Clinical trial
Restrictions Language of studies in Chinese or English
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any further disagreements. The data extraction form 
comprises:

i.	 study design: author, NCT number, published year 
and country.

ii.	 study design: population and design.
iii.	characteristics of patients: intervention, duration, 

with/without cirrhosis, treatment-experienced, 
treatment-naïve.

iv.	outcome measures: SVR12, the number of AEs and 
SAEs.

v.	 any information for the assessment of the risk of bias.

Quality assessment
The RoB 2 tool was used for the methodological quality 
evaluation of the randomized controlled trials (RCTs), 
which evaluated the following five domains: the random-
ization process, deviations from intended interventions, 
missing outcome data, measurement of the outcome and 
selection of the reported result [13]. An outcome of low 
risk, high risk, or some concerns was reported for each 
domain. An overall assessment of the risk of bias was 
then determined for each study.

As for non-randomized studies, we used the risk of 
bias tool for nonrandomized studies (ROBINS-I) pro-
posed by Cochrane Collaboration to assess the follow-
ing five domains: (i) misclassification of interventions; 
(ii) deviations from intended intervention; (iii) missing 
data; (iv) measurement of outcomes; and (v) selection 
of the reported result [14]. An outcome of low, moder-
ate, serious, critical, or no information for bias risk was 
reported for each domain. The combination of the five 
domains was then used to determine the overall risk of 
bias, whereas judgement for each domain was based on 
information extracted from each article.

Two researchers assessed the quality of all included 
studies for the quality assessment process independently. 
Any disagreements between the two independent review-
ers were resolved by discussion and/or consultation with 
another researcher.

Statistical analyses
The SVR12 was regarded as the primary efficacy out-
come, while the AEs was regarded as the secondary safety 
outcome. We extracted study-arm data from each study 
and summarised the intervention effect by calculating 
the proportion of patients reaching the SVR12 or with 
any AEs over the number of involved patients. Firstly, the 
overall pooled arm-specific proportion was conducted 
regardless of the cirrhosis status of patients, previous 
history of treatment, or treatment type. Then, subgroup 
analyses by all the above variables were conducted for 
specific efficacy outcomes. As for safety outcomes, any 

AEs reported were recorded and considered. Meta-anal-
yses for SVR12 were conducted by using Freeman-Tukey 
double arcsine transformation, and a random effect 
model was performed for all meta-analyses because 
SVR12 rates were expected to follow the binomial distri-
bution and approach the extreme boundaries [15]. The 
Bayesian Markov Chain Carlo (MCMC) was used to con-
duct the network meta-analysis. The MCMC approach 
was utilized three chains and was refined through 
200,000 simulations, with every tenth simulation retained 
and the first 10,000 discarded as burn-in. We used soft-
ware R v.4.1.2 and package ‘Meta’ v.5.2-0 & ‘gemtc’ to 
perform the meta-analysis, estimating and pooling the 
rate of SVR12 and AEs [16]. Unless otherwise stated, we 
set two-tailed statistical significance as P values < 0.05 for 
all analyses.

Assessment of heterogeneity
Heterogeneity of treatment effects was quantified by I2 
statistics, with thresholds of 25%, 50% and 75%, where 
heterogeneity suggests low if (25%≤ I2 < 50%), moderate 
(50%≤ I2 < 75%), or high (I2 ≥ 75%), respectively [17].

Results
Characteristics of included studies
A total of 4,486 studies were yielded from database 
search, of which 703 duplicates were removed. After 
applying our inclusion criteria, we identified 31 articles 
for our meta-analysis, which included 35 clinical stud-
ies. All included articles were published within the past 
10 years, with the majority being recent studies published 
within the past 5 years.

In accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines, our search strategy and selection process are 
depicted in Fig. 1. Our search yielded a total of 31 arti-
cles, consisting of 9 randomized controlled trials (RCTs) 
and 26 non-randomized studies. Of the 35 clinical trials, 
13 were conducted in phase 2, while 21 were conducted 
in phase 3; 1 clinical trial was conducted in phase 4. All 
35 included studies were multicenter clinical trials.

2,968 participants with HCV GT2 from these 35 stud-
ies were eligible for the data synthesis, as presented in 
Table  2, consisting of 1,389 treatment-naive patients 
and 354 patients with cirrhosis. The sample size of the 
included clinical trials ranged from 18 to 458. All par-
ticipants were diagnosed with HCV GT2 infection and 
received DAA therapy as their primary treatment.

A total of 23 combinations of DAAs were investi-
gated, duration of therapy ranged from 6 to 16 weeks 
with or without the addition of ribavirin. We excluded 
the 6-week regimens from our meta-analysis due to a 
limitation on sample size (n = 6). Among the 35 clini-
cal trials included in this study, DAAs were regarded as 
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the first-line treatment. According to the mechanism of 
action, DAAs were divided into four types [18]:

i.	 NS5A Inhibitor (Daclatasvir, Elbasvir, Ledipasvir, 
Ombitasvir, Ledipasvir, Pribrentasvir, Velpatasvir).

ii.	 Protease NS3/4A Inhibitor (Glecaprevir, Paritaprevir, 
Simeprevir, Grazoprevir, Voxilaprevir).

iii.	Non-Nucleoside NS5B Polymerase Inhibitor 
(Dasabuvir, Deleobuvir).

iv.	NS5B Polymerase Inhibitor (Sofosbuvir).

Quality assessment
There are two domains were considered at low risk of 
bias in all studies, including classification of intervention 
and measurement of outcome (Supplementary Table S2 
& Table S3). Of the 26 non-randomized trials included 
in our analysis, the quality was evaluated using the ROB-
INS-I tool, which assesses bias from five perspectives. 
Among these 26 studies, 12 were judged to be at mod-
erate risk of bias due to deviations from the intended 
interventions. Bias due to missing data was considered 
moderate in 10 studies. Of the 9 randomized controlled 
trials assessed using the ROB 2 tool, 2 were judged to 
be at high risk of bias due to selection and performance. 
Overall, only 1 out of the 9 RCTs was considered to be at 
high risk of bias (Supplementary Figure S1).

Overall pooled SVR12 for DAA therapies
Since 2014, multiple regimens have been utilized for the 
treatment of hepatitis C virus genotype 2, with over-
all response rates showing considerable success. The 
characteristics of the 35 included studies (58 study-
arms, n = 2,968) are reported (Supplementary Table 
S4). A total of 2,968 GT2 patients who received DAA 
therapy were included. As seen in Supplementary Fig-
ure S2, the pooled SVR12 was 94.62% (95% CI: 92.43-
96.51%), but with substantial heterogeneity (I2 = 72.0%, 
P < 0.0001) caused by subgroups. Our network con-
nected 10 mainstream treatment regimens for further 
indirectly comparison. Figure 2 illustrates the network of 
studies included in our network meta-analysis, compar-
ing five different regimens. Notably, all regimens were 
compared directly to at least one other regimen, form-
ing a well-connected network. The connection between 
SOF + RBV 12 and GLE + PIB 12 is depicted with a mod-
erately thick line, indicating several studies have directly 
compared these two regimens. In contrast, the thinner 
line between SOF + VEL + VOX 8 and GLE + PIB 12 sug-
gests fewer direct comparisons, relying more on indirect 
evidence. The assessment of inconsistency showed no 
significant differences between direct and indirect com-
parisons within this network. By comparing the main 
treatment regimens, we have confirmed that the 12-week 
SOF + VEL therapy and the 12-week GLE + PIB therapy 

Fig. 1  Flowchart summarizing the selection and identification of studies based on PRISMA
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are essentially equivalent in efficacy and are the treat-
ment regimens with the highest response rates (Supple-
mentary Figure S3).

We also did further analysis to indirectly compare the 
results between every two regimens (Table 3). Each cell 

in Table  3 shows the estimated difference in response 
rates between regimens with the corresponding 95% 
confidence intervals. For instance, the comparison 
between SOF + VEL-12 and GLE + PIB-12 shows a value 
of -1.05 (95% CI: -7.80, 5.58), suggesting that there is 

Fig. 2  Forest plot of proportions of HCV GT2 patients reaching SVR12 weeks after the end of treatment with DAAs over patients receiving all doses 
of treatment, according to type of treatment. DAA regimen of SOF + VEL-12(a), SOF + RBV-12(b), SOF + RBV-16(c) LDV + SOF-12(d), GLE + PIB-8(e) and 
GLE + PIB-12(f)

 



Page 8 of 16Lei et al. BMC Gastroenterology          (2024) 24:331 

Ta
bl

e 
3 

Re
su

lts
 o

f n
et

w
or

k 
m

et
a-

an
al

ys
is 

be
tw

ee
n 

re
gi

m
en

s i
n 

H
CV

 g
en

ot
yp

e 
2 

pa
tie

nt
s (

95
%

 C
I)

LD
V+

SO
F-

12
LD

V+
SO

F-
8

G
LE

+P
IB

-1
2

G
LE

+P
IB

-8
SO

F+
RB

V-
12

SO
F+

RB
V-

16
SO

F+
RB

V-
24

SO
F+

VE
L-

12
SO

F+
VE

L+
VO

X-
12

SO
F+

VE
L+

VO
X-

8
LD

V+
SO

F-
12

LD
V+

SO
F-

12
-2

.5
4 

(-6
.9

5,
 1

.1
2)

3.
67

 (-
1.

44
, 

10
.4

4)
1.

09
 (-

3.
75

, 6
.2

3)
-0

.2
3 

(-3
.6

5,
 3

.1
9)

-0
.0

6 
(-4

.3
1,

 
4.

20
)

27
.7

3 
(1

.0
4,

 
94

.5
7)

2.
60

 (-
2.

20
, 

8.
12

)
-3

5.
13

 (-
12

3.
10

, 
29

.8
9)

-1
8.

58
 (-

65
.6

0,
 

2.
45

)
LD

V+
SO

F-
8

2.
54

 (-
1.

12
, 6

.9
5)

LD
V+

SO
F-

8
6.

33
 (0

.0
2,

 1
4.

32
)

3.
72

 (-
2.

39
, 

10
.3

0)
2.

35
 (-

2.
68

, 7
.8

3)
2.

54
 (-

3.
15

, 
8.

50
)

30
.3

4 
(3

.3
2,

 
97

.3
2)

5.
27

 (-
0.

87
, 

12
.1

0)
-3

2.
36

 (-
12

0.
76

, 
32

.7
6)

-1
6.

02
 (-

63
.1

4,
 

5.
70

)
G

LE
+

PI
B-

12
-3

.6
7 

(-1
0.

44
, 

1.
44

)
-6

.3
3 

(-1
4.

32
, 

-0
.0

2)
G

LE
+P

IB
-1

2
-2

.5
3 

(-6
.9

5,
 0

.1
7)

-3
.8

8 
(-9

.6
5,

 0
.1

0)
-3

.7
2 

(-1
0.

08
, 

0.
90

)
23

.8
2 

(-3
.3

0,
 

90
.5

7)
-1

.0
5 

(-7
.8

0,
 

4.
78

)
-3

9.
01

 (-
12

7.
03

, 
25

.8
0)

-2
2.

63
 (-

69
.9

6,
 

-0
.8

9)
G

LE
+

PI
B-

8
-1

.0
9 

(-6
.2

3,
 3

.7
5)

-3
.7

2 
(-1

0.
30

, 2
.3

9)
2.

53
 (-

0.
17

, 6
.9

5)
G

LE
+P

IB
-8

-1
.3

1 
(-5

.0
8,

 2
.1

3)
-1

.1
6 

(-5
.6

9,
 

3.
07

)
26

.4
8 

(-0
.1

4,
 

93
.3

6)
1.

54
 (-

3.
57

, 
7.

01
)

-3
6.

19
 (-

12
4.

13
, 

28
.7

4)
-1

9.
78

 (-
66

.8
7,

 
1.

46
)

SO
F+

RB
V-

12
0.

23
 (-

3.
19

, 3
.6

5)
-2

.3
5 

(-7
.8

3,
 2

.6
8)

3.
88

 (-
0.

10
, 9

.6
5)

1.
31

 (-
2.

13
, 5

.0
8)

SO
F+

RB
V-

12
0.

15
 (-

2.
37

, 
2.

72
)

27
.9

0 
(1

.5
9,

 
94

.7
6)

2.
80

 (-
0.

64
, 

7.
17

)
-3

4.
88

 (-
12

2.
79

, 
29

.9
3)

-1
8.

36
 (-

65
.2

5,
 

2.
35

)
SO

F+
RB

V-
16

0.
06

 (-
4.

20
, 4

.3
1)

-2
.5

4 
(-8

.5
0,

 3
.1

5)
3.

72
 (-

0.
90

, 
10

.0
8)

1.
16

 (-
3.

07
, 5

.6
9)

-0
.1

5 
(-2

.7
2,

 2
.3

7)
SO

F+
RB

V-
16

27
.7

4 
(1

.3
6,

 
94

.6
9)

2.
66

 (-
0.

99
, 

7.
14

)
-3

4.
92

 (-
12

3.
25

, 
29

.9
0)

-1
8.

49
 (-

65
.5

0,
 

2.
24

)
SO

F+
RB

V-
24

-2
7.

73
 (-

94
.5

7,
 

-1
.0

4)
-3

0.
34

 (-
97

.3
2,

 
-3

.3
2)

-2
3.

82
 (-

90
.5

7,
 

3.
30

)
-2

6.
48

 (-
93

.3
6,

 
0.

14
)

-2
7.

90
 (-

94
.7

6,
 

-1
.5

9)
-2

7.
74

 (-
94

.6
9,

 
-1

.3
6)

SO
F+

RB
V-

24
-2

4.
93

 
(-9

2.
00

, 1
.6

1)
-6

8.
75

 (-
16

7.
88

, 
9.

81
)

-5
2.

21
 (-

12
5.

13
, 

-7
.8

1)
SO

F+
VE

L-
12

-2
.6

0 
(-8

.1
2,

 2
.2

0)
-5

.2
7 

(-1
2.

10
, 0

.8
7)

1.
05

 (-
4.

78
, 7

.8
0)

-1
.5

4 
(-7

.0
1,

 3
.5

7)
-2

.8
0 

(-7
.1

7,
 0

.6
4)

-2
.6

6 
(-7

.1
4,

 
0.

99
)

24
.9

3 
(-1

.6
1,

 
92

.0
0)

SO
F+

VE
L-

12
-3

7.
77

 (-
12

5.
59

, 
26

.9
5)

-2
1.

28
 (-

68
.1

4,
 

-1
.1

5)
SO

F+
VE

L+
VO

X-
12

35
.1

3 
(-2

9.
89

, 
12

3.
10

)
32

.3
6 

(-3
2.

76
, 

12
0.

76
)

39
.0

1 
(-2

5.
80

, 
12

7.
03

)
36

.1
9 

(-2
8.

74
, 

12
4.

13
)

34
.8

8 
(-2

9.
93

, 
12

2.
79

)
34

.9
2 

(-2
9.

90
, 

12
3.

25
)

68
.7

5 
(-9

.8
1,

 
16

7.
88

)
37

.7
7 

(-2
6.

95
, 

12
5.

59
)

SO
F+

VE
L+

VO
X-

12
12

.9
5 

(-4
4.

16
, 

89
.9

1)
SO

F+
VE

L+
VO

X-
8

18
.5

8 
(-2

.4
5,

 
65

.6
0)

16
.0

2 
(-5

.7
0,

 
63

.1
4)

22
.6

3 
(0

.8
9,

 
69

.9
6)

19
.7

8 
(-1

.4
6,

 
66

.8
7)

18
.3

6 
(-2

.3
5,

 
65

.2
5)

18
.4

9 
(-2

.2
4,

 
65

.5
0)

52
.2

1 
(7

.8
1,

 
12

5.
13

)
21

.2
8 

(1
.1

5,
 

68
.1

4)
-1

2.
95

 (-
89

.9
1,

 
44

.1
6)

SO
F+

VE
L+

VO
X-

8



Page 9 of 16Lei et al. BMC Gastroenterology          (2024) 24:331 

no significant difference in response rates between 
these regimens. We also highlighted interesting find-
ings such as the comparison between SOF + VEL-12 and 
SOF + VEL + VOX-12, noting that adding voxilaprevir 
does not significantly change the response rate but may 
affect other clinical considerations like the duration of 
treatment or side-effect profile.

SVR12 analysis by participants’ treatment history
Totally, 48 study-arms provided data on whether patients 
had been treated or not, including 1,387 treatment-naïve 
patients and 414 treatment-experienced patients. As 
shown in Fig. 3, the pooled SVR12 estimated were 93.18% 
(95% CI 89.88–95.95%) for the treatment-naïve group 
and 95.08% (95% CI 89.54–98.94%) for the treatment-
experienced group. Both groups show substantial and 
moderate heterogeneity in I2 = 70% and I2 = 62%, respec-
tively. Compared with treatment-naive patients, treat-
ment-experienced patients had a narrowly 1.9% higher 
chance of achieving SVR12.

SVR12 analysis by participants’ cirrhosis status
Due to the indistinctive difference in treatment history, 
we moved to focus on the subgroup analysis by cirrhosis 
status for 381 patients with cirrhosis and 1,709 patients 
without cirrhosis. In total, 55 study-arms provided data 
for 20 different regimens in the cirrhotic status subgroup 

analysis (Fig. 4). Out of expectations, we found that cir-
rhotic patients had a comparatively high SVR12 of 
97.17% (95% CI 93.01%, 99.73%), while non-cirrhotic 
patients only had 92.77% (95% CI 89.48%, 95.57%).

Analysis of adverse events for DAA therapies
Meta-analysis of 1198 DAA-treated patients’ AEs showed 
that fatigue was the most common adverse event (14.0%, 
95% CI: 6.4-21.6%) followed by headache (13.1%, 95% CI: 
9.2-17.1%), while death and serious AEs were uncommon 
(Table 4). Most AEs related to DAA regimens were tran-
sient, and specific medical intervention was unnecessary.

Sofosbuvir plus Velpatasvir with a duration of 12 weeks
The highest SVR12 rate was estimated for SOF + VEL for 
12 weeks, with SVR12 100% (95% CI 99–100%; Fig. 5a). 
Among the 311 HCV GT2 patients who treated with 
SOF + VEL included from 4 arms, any virologic failure 
was not observed, even in the population with cirrho-
sis and previous treatment failure [19–22]. Only one 
study-arm reported the safety profile of SOF + VEL with 
9 common AEs being headache (17.9%), fatigue (14.9%), 
nasopharyngitis (6.0%), nausea (10.4%), pruritus (4.5%), 
insomnia (4.5%), irritability (3.0%), cough (3.0%), and 
dyspepsia (0.7%) [23]. The rate of AEs is 68.7%, which was 
slightly lower among patients treated with SOF + VEL 
than patients’ pooled level (Supplementary Table S5). 

Fig. 3  Networks of studies. Evidence network of DAA-based regimens studied in chronic hepatitis C genotype 2 patients (The nodes represent each 
regimen, with the thickness of the connecting lines represents the number of studies. The edges between nodes indicate direct comparisons, with thicker 
edges denoting multiple study comparisons)
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However, it should be noted that although 2 out of 134 
participants were reported to have died during the post-
treatment follow-up, further investigation revealed that 
the cause of death was attributed to metastatic cancer 
and cardiac arrest rather than the SOF + VEL treatment 
itself [20].

Sofosbuvir plus Ribavirin with a duration of 12 and 16 
weeks
As for the SOF + RBV regimen, the treatment of 
SOF + RBV for 12 weeks was used in 793 patients with 
HCV GT2 from 9 study-arms, which resulted in a pooled 
SVR12 of 94.6% (95% CI 92.8–96.4% I2 = 47%; Fig. 5b and 
c) [20, 24–30]. And the SVR12 of SOF + RBV for 16 weeks 

Fig. 4  Forest plot of proportions of HCV GT2 patients reaching SVR12 with DAAs, according to pervious history of treatment
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is 92.0% (95% CI 81.72–98.74%), which shows lower effi-
cacy with longer treatment duration. Among the 425 
patients who received SOF + RBV, 74 (17.4%) had anae-
mia, 69 (16.2%) had fatigue, 65 (15.3%) had headaches, 
and 26 types of AEs were reported in 5 studies totally. 
AEs were experienced by 63.8% of patients, and 13 SAEs 
occurred among 425 patients.

Ledipasvir plus Sofosbuvir with a duration of 8 and 12 
weeks
The difference was observed when considering patients 
who received all doses of LDV + SOF for 8 or 12 weeks 
included from 4 study-arms [29, 31]. Treatment with 
LDV + SOF for 12 weeks resulted in an SVR12 (96.6%, 
95% CI: 92.8-99.2%; Fig. 5d), compared with only 74.1% 

Fig. 5  Forest plot of proportions of HCV GT2 patients reaching SVR12 with DAAs, according to cirrhotic status
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(95% CI: 54-89%) for a shorter duration of 8 weeks ther-
apy. The most common AEs related to LDV + SOF are 
nasopharyngitis (14.6%) and headache (11.5%), while 
pruritus is not common. Specifically, some AEs like 
upper respiratory tract infection (URTI) (2.5%), gastro-
enteritis (2.1%), rash (1.9%), diarrhea (1.3%), hyperhidro-
sis (1.3%), pyrexia (1.3%) and back pain (0.6%) were only 
recorded in patients who received LDV + SOF.

Glecaprevir plus Pibrentasvir with a duration of 8 and 12 
weeks
For the GLE + PIB regimen, the SVR12 rates were pooled 
from 4 studies with 693 patients infected with HCV GT2 
[30, 32–34]. Comparing the pooled SVR12 with a ran-
dom effect model between the two duration treatments 
shows no significant difference in SVR12 rates among 
the patients treated with 8 weeks (98.0%, 95% CI: 96.6-
99.4%; Fig. 5e) and 12 weeks (100%, 95% CI: 99.0-100.0%; 
Fig. 5f ). For safety, 10 kinds of AEs were observed in 455 
patients treated with GLE + PIB for 8 or 12 weeks in total. 
Headache (11.9%), fatigue (8.8%) and nausea (7.9%) are 
the top three common AEs of patients after receiving all 
durations of GLE and PIB, while death cases were never 
observed. The rate of AEs in patients who received treat-
ment with GLE + PIB (60.7%) is lower than the pooled 
rate (73.1%, 95% CI: 66.6-79.1%).

Discussion
In this up-to-date, evidence-based systematic review 
and meta-analysis, we combined SVR12 and AE data 
from 31 included studies wherever feasible through April 
2022. Out of total 3,783 studies identified, we included 
13 phase 2 studies and 22 phase 3 or 4 studies. Overall, 
our meta-analysis confirmed that DAAs therapy is highly 
effective and safe in the treatment of adult patients with 
HCV GT2.

The key finding of this study was that both SOF + VEL 
and GLE + PIB regimens, administered over 12 weeks, 
achieved the highest efficacy in treating HCV GT2. Addi-
tionally, the SOF + VEL regimen demonstrated a high 
safety profile for patients with GT2, evidenced by the 
lowest incidence of serious adverse events (1.5%) and 
comparatively milder side effects. Although both treat-
ments exhibited a relatively high prevalence of adverse 
events (AEs), the GLE + PIB regimen reported a slightly 
lower overall AE rate (60.7%) compared to SOF + VEL 
(68.7%). Among the 58 study-arms, DAAs therapy allows 
around 80% of GT2 patients reach cure rates ≥ 90%, 
including those with cirrhosis and who had been treated 
before. Further analysis revealed an overall pooled SVR12 
rate of 94.62% among 2,968 GT2 patients, which aligns 
with similar results reported for other genotypes [35, 36]. 
Besides, the therapy against HCV continues evolve. The 
DAAs regimen like GLE + PIB could shorten the duration 

into 8 weeks, while reaching 98% SVR12 rate among the 
GT2 patients. Compared to the 12-week duration of 
GLE + PIB, the rate of any adverse event in the 8-week 
group decreased from 65.0 to 56.6%. Shortening the DAA 
treatment duration for HCV patients can reduce the rate 
of side effects, there is also research demonstrating that 
shortened DAA treatment strategies are cost-effective 
for GT1 patients [37]. There was no observed difference 
in efficacy among subgroups based on previous treat-
ment history or disease status. These findings align with 
results from a previous study on other genotypes, in 
which all patients with GT2 or GT3 were treated with 
sofosbuvir 400 mg and Velpatasvir 100 mg for 12 weeks 
and achieved SVR12 [38]. In clinical settings, the selec-
tion of a treatment regimen is influenced by various fac-
tors, including the accessibility and expense of DAAs, the 
patient’s tolerance, the potential for adverse reactions or 
drug-drug interactions, and the occurrence of resistance-
associated substitutions (RAS).

However, achieving SVR12 is not the only goal of HCV 
treatment. While it is an important immediate goal, the 
ultimate goal is to reduce liver-related mortality and the 
incidence of hepatocellular carcinoma (HCC) resulting 
from chronic HCV infection [39]. Among the leading 
factors of HCC, chronic HCV infection is the primary 
cause of HCC in Australia [40]. More clinical benefits 
have been proven with the advent of DAA therapy, which 
could decrease the recurrence rate of HCC and improve 
survival [41]. HCV infection is not limited to liver-related 
symptoms and can also lead to extrahepatic manifesta-
tions (EHMs). These manifestations may include mixed 
cryoglobulinemia, non-Hodgkin lymphomas (NHL), car-
diovascular disease, insulin resistance, type 2 diabetes, 
neurological and psychiatric diseases, and other rheu-
matic diseases [42]. Studies have shown that DAA treat-
ment can improve or even resolve some EHMs associated 
with HCV infection [43–46].

In terms of safety, our analysis showed that fatigue 
(14.0%) was the most common side effect in GT2 
patients, followed by headache (13.1%), and the pooled 
SAE rate was 1.5% (95% CI, 0.8-2.1%). These results con-
firm that DAAs are safe and well-tolerated. However, 
some SAEs reported in studies were considered irrel-
evant to the treatment itself, and therefore, they will not 
affect the safety evaluation of the DAAs regimen. The 
most frequent AEs, which included fatigue, headache, 
pruritus, and nasopharyngitis, were similar across regi-
mens and occurred more frequently in regimens contain-
ing RBV. Only the sofosbuvir plus ledipasvir regimen had 
data for GT2 specifically, with nasopharyngitis (14.6%) as 
the most common adverse event. Even though the over-
all AE rates were higher than 50% and may reach 73.1%, 
the severity was considered mild to moderate, suggest-
ing that treatment interruption or dose adjustment is not 
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required. In assessing the safety profiles of SOF + VEL 
and GLE + PIB for treating Hepatitis C Virus genotype 2, 
SOF + VEL showed a 68.7% AE rate over 12 weeks with 
no treatment-related deaths, while GLE + PIB reported 
a slightly lower AE rate of 60.7% with no deaths across 
both 8 and 12-week durations. Despite similar efficacy, 
GLE + PIB’s marginally better safety profile, character-
ized by fewer AEs and no severe events, suggests it might 
be the preferable option, contingent on patient-specific 
considerations.

Our research has several strengths. It is the first sys-
tematic review and meta-analysis involving HCV GT2 
patients treated with DAA, which included 35 studies. 
Moreover, it has a comprehensive subgroup analysis, 
including different regimens, treatment duration, the 
presence of cirrhosis, and treatment history. These data 
also seem to substantiate the suggestion that INF-free 
DAAs treatment is preferable for patients with any HCV 
genotypes [47].

There are also limitations to this study. Firstly, two-
thirds of the included studies were not randomized con-
trolled trials and were considered to have a low-moderate 
risk of bias. The single-arm study design has gradually 
replaced RCTs and becomes the mainstay of DAA ther-
apy clinical trials, resulting in the infeasibility of directly 
comparing the major agents in DAA combinations. Sec-
ondly, the population of GT2 is relatively small, espe-
cially when compared to genotypes 1 and 3. Importantly, 
few studies have categorized patients based on specific 
genotypes or reported data according to patients’ char-
acteristics, such as genotypes, treatment history, and cir-
rhosis status. Due to the absence of detailed data, we were 
unable to conduct further subgroup analyses to assess the 
efficacy and safety of DAA-based therapies across vary-
ing conditions (i.e., treatment history and cirrhosis sta-
tus). Consequently, it was not feasible to aggregate the 
sustained virologic response at 12 weeks (SVR12) and 
the adverse events/serious adverse events (AE/SAE) data 
for all DAA regimen types. Moreover, only eight of the 
thirty-five eligible studies provided specific safety data 
for genotype 2, leading to potential incompleteness and 
bias in our findings.

Conclusions
Our systematic review and meta-analysis indicate that 
DAAs are effective in adults infected with chronic HCV 
GT2. The efficacy of the DAAs regimen in HCV GT2 
patients is independent of patients’ previous treatment 
history and disease status. Among the various regimens 
evaluated, the combination of Sofosbuvir plus Velpatasvir 
for 12 weeks, as well as Glecaprevir plus Pibrentasvir for 
the same duration, were identified as the most effective 
and comparatively safe in managing chronic HCV GT2 
infection. Both regimens achieved a sustained virological 

response 12 weeks post-treatment (SVR12) of 100% (95% 
CI 99–100%).
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